Session 4: Discussions and Replies by Authors, Multiple
Missouri University of Science and Technology 
Scholars' Mine 
International Conferences on Recent Advances 
in Geotechnical Earthquake Engineering and 
Soil Dynamics 
1991 - Second International Conference on 
Recent Advances in Geotechnical Earthquake 
Engineering & Soil Dynamics 
12 Mar 1991, 10:30 am - 12:00 pm 
Session 4: Discussions and Replies 
Multiple Authors 
Follow this and additional works at: https://scholarsmine.mst.edu/icrageesd 
 Part of the Geotechnical Engineering Commons 
Recommended Citation 
Authors, Multiple, "Session 4: Discussions and Replies" (1991). International Conferences on Recent 
Advances in Geotechnical Earthquake Engineering and Soil Dynamics. 2. 
https://scholarsmine.mst.edu/icrageesd/02icrageesd/session04/2 
This Article - Conference proceedings is brought to you for free and open access by Scholars' Mine. It has been 
accepted for inclusion in International Conferences on Recent Advances in Geotechnical Earthquake Engineering 
and Soil Dynamics by an authorized administrator of Scholars' Mine. This work is protected by U. S. Copyright Law. 
Unauthorized use including reproduction for redistribution requires the permission of the copyright holder. For more 
information, please contact scholarsmine@mst.edu. 
0 i scuss ion o·n 
"Study and Design of Earth Reinforced Structures 
Under Dynamic Efforts", 
Paper No.4.5 by 
Ammar Ohoulb, Or, Fondasol, Paris, France, and 
Grant Knochenmus, Terrasol, Paris France 
by 
Mr. Shun-ichi lhara, Engineer, Kumagai Gumi Co., Ltd., 
Tokyo, Japan 
Our appreciation is extended to the authors for 
proposing a simple method to design reinforced earth 
structures. 
The above paper describes; 
I) a comparative study on scaled-down models and on 
real works in reinforced earth, 
2) a simple method to design reinforced structures. 
From the comparative study, the authors concluded; 
1) the tensile force increased in the sfrips under 
dynamic actions effect, 
2) the locus of the maximum tensile force was modified, 
3) the active zone width was increased. 
Those results required taking into account of dynamic 
actions to design the reinforced earth wal Is. 
The simple method to design the authors proposed was 
based on the Pseudo-static and Seed and Mitchell 
Method. The authors showed a comparative study in 
the end of the paper, it showed that the repartition 
of the inertia force fell between that of 
the Pseudo-static and that of Seed and Mitchell Method. 
The simple method the authors presented would be quite 
useful, however, there would be a discussion about 
the adaptability of the method to different types of 
strip and to various height of wall. 
Discussion on paper titled: Study and Design of Earth 
Reinforced Structures under Dynamic Efforts: by A. 
Dhouib and G. Knochenmus, (paper no. 4.5) by D.M. Dewaikar, 
Universiti Sains Malaysia, Perak, Malaysia. 
The above paper presents finite element analysis of 
static and dynamic forces in the strips of the reinforced 
earth structure and distribution and the locus of maximum 
static and dynamic forces, for scaled down rrodels and 
for real works. On the basis of their study, the authors 
conclude that there is an increase in the tensile force 
in the strips under dynamic effect, modification in 
the locus of the rraxirnum tensile force and widening 
and deepening of the active zone. 
In light of the above findings, the authors have critical-
ly reviewed and current design methods related to both 
internal and overall stability of the reinforced structure 
and suggested a design method based on pseudo-static 
method and Seed-Mitchell's method. 
Our appreciation is extended to the authors for their 
finite element studies on the earth reinforced structures 
and suggested rrodified design procedure. However it 
is seen (Figure 6) that the inertia force as calculated 
by the authors' method is less than that calculated 
by Seed and Mitchells method. This would rmke the 
design less conservative and rmy introduce an element 
of risk since we are dealing with a highly nonlinear 
material such as soil. 
Discussion on paper titled: "Study and Des~gn 
of Earth Reinforced Structures Under Dynam~c 
Efforts" by Ammar Dhouib and Grant Knochenmus, 
Paper No. 4.5, by cetin.soydemir, Vice . 
President, Haley & Aldr~ch, Inc., Cambr~dge, 
Massachusetts. 
The authors review some of the current methods 
of estimating the dynamic force increment in a 
reinforced earth retaining structure subjected 
to ground shaking, and propose a method based 
on their experience with model tests and 
finite element analyses. The proposed 
approach, referred to as Modi~ied Pseudo-
Static Method considers dynam~c force 
increment in two components. The first 
component is due to the inertia effect of the 
reinforced earth structure for which the 
authors provide a criterion to determine its 
effective mass. This effective mass is 
multiplied with the ground acceleration to 
establish the first component. The second 
component is due to the inertia effect of the 
soil mass retained by the reinforced earth 
structure for which the authors adopt the 
recommendations made by Seed and Mitchell 
(full reference not provided). 
Based on the results of their analytical work 
and those obtained by Richardson (1974) from 
model tests the authors suggest that the 
dynamic tensile force increment in individual 
strips is equal to the static force times the 
ground acceleration divided by the 
gravitational acceleration. 
The method proposed by the authors may serve 
as a useful, simple tool in seismic design of 
reinforced earth structures. 
Discussion on paper titled: Seismic Earth Pressures 
Against Structures with Restrained Displacements: 
by P.Ortigosa and H. Musante, (paper no. 4.8) by D.M. 
Dewaikar, Universiti Sains Malaysia, Perak, Malaysia. 
The above paper gives an account of a simplified kinema-
tic method to canpute seisnic earth pressures against 
structures with restrained horizontal displacements. 
The retaining structure is assumed to be linearly 
elastic and the retained soil is considered linear 
as well as nonlinear material. Seismic pressures 
for different maximum free field accelerations are 
obtained by applying free field horizontal displacements 
at the base of the interaction springs connecting 
soil with the retaining structure. 
For perfectly rigid structure without horizontal displace-
ments and linear retained materials, the authors compared 
the seismic pressures obtained by their method with 
those obtained by the finite element method and found 
than to be in reasonably good agreanent. For nonlinear 
material behaviour, the results compared favourably 
with those obtained using finite element method and 
also with those measured in the field. Finally the 
authors have presented parameteric analysis for nonlinear 
soils for both perfectly rigid and flexible retaining 
structures with restrained horizontal displacements. 
Our appreciation is extended to the authors for introduc-
ing a simplifying technique for the computation of 
seismic earth pressures. However, the analysis could 
have been rmde l!Dre generalized by considering factors 
such as develo]'.tllent of pore pressure (and possibility 
of liquefaction) and other restraints such as rotation 
of the wall about its top. 
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Discussion on paper titled: "Seismic Earth 
Pressures Against Structures With Restrained 
Displacements" by P. ortigosa and H. Musante, 
Paper No. 4.8, by Cetin Soydemir, Vice 
President, Haley & Aldrich, Inc., Cambridge, 
Massachusetts. 
The authors present an excellent treatise of 
the seismically induced earth pressures 
against underground structures which may 
exhibit a behavior ranging from perfectly 
rigid and restrained to flexible and tilting 
during ground shaking. The structural and 
soil components which control the dynamic 
pressures besides the intensity of ground 
shaking are reviewed in a complete manner. 
Projecting from this review the authors 
propose a simple, rational procedure referred 
to as "simplified kinematic method" to compute 
seismic earth pressures against linear elastic 
structures with both linear and nonlinear 
retained soils. 
The simplified kinematic method (model) 
computes the seismically induced pressures by 
establishing the maximum free field horizontal 
displacements for a given soil profile and 
applying them onto horizontal springs placed 
along the soil-structure interface (i.e., the 
exterior wall). The authors provide pertinent 
background information to obtain free field 
displacements and modulus of horizontal 
subgrade reaction to conduct the analysis. 
Results of a parametric study are reported for 
a perfectly rigid and restrained structure as 
well as a flexible structure restrained 
against horizontal displacements at the base. 
The proposed method is applicable to cases 
where the inertia forces coming from the 
structure is relatively small (e.g., buried 
structures and underground structures with 
lightweight or insignificant above grade 
portions). 
The authors report that estimates of seismic 
earth pressures by the simplified kinematic 
method are in reasonable agreement with the 
results obtained by other more rigorous but 
complex methods and procedures. Figs. 12, 14 
and 15 of the paper presented in a 
dimensionless form would serve as valuable 
tools for the geotechnical earthquake design 
engineer to estimate seismic earth pressures 
for a range of granular soils and wall 
flexibility. 
It is also relevant to note that the seismic 
pressures against rigid, restrained 
(nonyielding) walls estimated by the 
simplified kinematic method are significantly 
greater than those computed by the widely 
adopted Mononobe-Okabe method which assumes 
sufficient yielding of the structure to 
produce a state of active limiting equilibrium 
in the retained soil. 
Discussion on paper titled: Comparison of Limit State 
Earth Pressure Theories: by D.G. Elms; and R. Richards, 
(paper no. 4.9) by D.M. Dewaikar, Universiti Sains 
Malaysia, Perak, Malaysia. 
In the above paper, the authors have considered the 
variation of both the soil force and center of pressure 
with the type of displacement of the retaining wall, 
for the limit analysis approach to the seisnic design 
of retaining structures. The first approach assumes 
variations of the apparent internal friction angle 
of the backfill for a rotating wall and the second 
considers the effect of peaked form of the stress-
strain curve for a dense conhesionless backfill. 
Both approaches show that compared with a wall rotating 
about its base, the center of pressure rises for trans-
lational displacement and even more for rotation, 
for real the top. However as stated by the authors, 
for real situation, the above two approaches must 
be canbined. 
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The authors deserve credit for their study on the 
limit state analysis of the pressure distribution 
along the retaining wall for both static and earthquake 
conditions. However on account of same imprecise 
assumptions and uncertainties in the overall problEm, 
the results can be considered as intermediate, subject 
to careful usage. More experiment~l work would be 
required to understand the mechanisn considered in 
the second approach. Similarly more understanding 
is required about the term 'sufficient larg·e movement 
of the wall' and strain levels at whict different 
modes of behaviour take place. 
Discussion on paper titled: Stability of Fibre Reinforced 
Sand Retaining Walls: by M. Fukuoka, K. Nakayarm., 
K. Okedoi and K. Ozaki, (paper no. 4.12) by D.M. Dewaikar, 
Universiti Sains Malaysia. 
The above paper describes the results of tests conducted 
on a ten meter high retaining wall made by sands reinforc-
ed with continuous fibres. Measurements of the earth 
pressure acting on the wall, displacement of the face, 
settlements of the fill and the accelerations (under 
earthquake conditions) were made by the authors. 
The earth pressure distribution under both static 
and earthquake condition was found to be nonlinear 
thus proving the limitations of the Coulanb/Mononobe~ 
Okabe theories. The wall was observed to be stable 
against an earthquake of about 100 gals at the original 
ground surface and about 200 gals at the top of the 
wall and no cracks were observed at the top of the 
fill. The authors also made an important observation 
regarding the vibrations of the upper two third and 
lower third of the wall in reverse directions. 
The above results would no doubt be very useful in 
understanding the behaviour of fibre reinforced retaining 
walls under static and dynamic conditions. However 
it would have been beneficial if the authors had provided 
same guidelines regarding the optimal design of these 
walls. 
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walls. 
Discussion on paper titled: "Stability of 
Fiber Reinforced Sand Retaining Walls" by M. 
Fukuoka, K. Okedoi, K. Ozaki, K. Nakayama, and 
s. Ihara, Paper No. 4.12, by Cetin Soydemir, 
Vice President, Haley & Aldrich, Inc., 
Cambridge, Massachusetts. 
The authors present in detail the monitored 
performance of a 10m. sloping (2V:1H), 
fiber-reinforced sand retaining wall under 
static and seismic loading conditions. The 
reinforced-sand, a technique introduced by 
Leflaive (1976), is produced by mixing 
polyester fibers with sand in a random manner, 
in which the fibers, approximately 0.2 percent 
by weight of the dry sand, are delivered 
through a water jet and the sand is supplied 
by compressed air. 
The reinforced-sand wall constructed for 
testing decreased uniformly in width from 2.5 
m. at the base to 1.0 m. at the top, and 
retained a cohesive fill (loam) material. The 
performance of the wall was measured by an 
array of horizontal displacement gauges, earth 
pressure cells and accelerometers. Measured 
static earth pressures against the wall were 
reported to be considerably smaller than the 
values obtained by a finite-element element 
analysis. 
The fiber-reinforced sand wall survived an 
M=5.7 earthquake during which ground 
acceleration perpendicular to the wall was 
measured at 95 gal and the accelerations 
measured at the top of the 10 m. high wall 
were greater than twice the ground 
acceleration. Amplitudes of the measured 
seismic earth pressures were larger in the 
upper half relative to the lower half of the 
wall. Maximum seismic pressures measured 
through the height of the wall were compared 
with and found to be considerably smaller than 
the values computed by the Mononobe-Okabe 
formulation. Also, it was observed that the 
upper two-thirds and the lower one-third of 
the wall have vibrated in reverse directions 
during the earthquake. 
The study provides a valuable insight on 
static and seismic performance of the 




"Dynamic Earth Pressure Distribution 
Behind Retaining Walls", 
Paper No.q.22 by 
D.M.Dewaikar, Associate Professor of Civi I Engineering 
University Sains, Perak, Malaysia 
by 
Mr. Shun·ichi lhara, Engineer, Kumagai Gumi Co., Ltd., 
Tokyo, japan 
The above paper describes the distribution of dynamic 
earth pressure behind retaining walls. T~e aut~or 
compared the effect of positive accelerations w1th _ 
negative accelerations to the distribution of dyna~IC 
earth pressure in the case that they are coupled w1th 
horizontal accelerations. 
The author used method of slices for predicting the 
point of application and distribution of the dynamic 
active thrust, and in the analysis, the author used 
the criterion of maximization of overturning moment 
of the active thrust. 
The autho~ concluded that; 
1) Angle of wall friction and acceleration . 
coefficients strongly influence upon the po1nt of 
application of dynamic active thrust. 
2) Horizontal acceleration coupled with negative 
vertical acceleration(acting upward) produces more 
overturning moment. 
3) Distribution of earth pressure acting on a vertical 
wall is not linear. 
Above conclusions are quite valuable, however, there 
is a 1 ittle discussion about relationship between 
analysis and reality. For example, Prof.Fukuoka 
(Science University of Tokyo) have carried out some 
observations of dynamic earth pressure and gotten a 
Jot of records of dynamic earth pressure. Although 
situation were different, results from his researches 
showed that the distribution of dynamic earth pressure 
was quite complicated and the distribution changed as 
time went. 
Discussion on paper titled: Seisnic Design Charts for 
Anchored Bulkheads: by G. Gazetas and P. Dakoulas, (paper 
no. 4.23) by D.M. Dev,aikar, Universiti Sains Malaysia 
Perak, Malaysia. ' 
The above _paper has done a thorough job of evaluation 
of case histories of seisnic performance of anchored 
sheet pile quayv,alls. The authors have critically examined 
current. p~eudo-static. procedures of designs, bringing 
out their Inherent def1c1enc1es. On the basis of results 
of the case histo~ies, the authors have prepared a seismic 
design chart which delineates between acceptable and 
unacceptable degrees of damage, depending upon the values 
of the two dimensionless parameters that are functions 
of the rmterial and geanetric properties of the bulkhead 
and the intensity of seismic vibrations. Soil softening/ 
degr~a.tion due to developnent of pore v,a ter pressure 
IS llldirectly accounted for in the proposed method and 
as per the authors' recannendations the chart is to 
be used in conjunction with the pseud~static procedure. 
The authors deserve to be congratulated for their critical 
study of the case histories and evolution of the chart 
for the design. The success of the proposed m:::rlified 
design procedure would however be dependant on the perfo:rm--
ance of the structure and precautions against soil lique-
faction. 
Discussion on paper titled: "Stability of 
Fiber Reinforced Sand Retaining Walls" by M. 
Fukuoka, K. Okedoi, K. Ozaki, K. Nakayama, and 
s. Ihara, Paper No. 4.12, by Cetin Soydemir, 
Vice President, Haley & Aldrich, Inc., 
Cambridge, Massachusetts. 
The authors present in detail the monitored 
performance of a 10m. sloping (2V:1H), 
fiber-reinforced sand retaining wall under 
static and seismic loading conditions. The 
reinforced-sand, a technique introduced by 
Leflaive (1976), is produced by mixing 
polyester fibers with sand in a random manner, 
in which the fibers, approximately 0.2 percent 
by weight of the dry sand, are delivered 
through a water jet and the sand is supplied 
by compressed air. 
The reinforced-sand wall constructed for 
testing decreased uniformly in width from 2.5 
m. at the base to 1.0 m. at the top, and 
retained a cohesive fill (loam) material. The 
performance of the wall was measured by an 
array of horizontal displacement gauges, earth 
pressure cells and accelerometers. Measured 
static earth pressures against the wall were 
reported to be considerably smaller than the 
values obtained by a finite-element element 
analysis. 
The fiber-reinforced sand wall survived an 
M=5.7 earthquake during which ground 
acceleration perpendicular to the wall was 
measured at 95 gal and the accelerations 
measured at the top of the 10 m. high wall 
were greater than twice the ground 
acceleration. Amplitudes of the measured 
seismic earth pressures were larger in the 
upper half relative to the lower half of the 
wall. Maximum seismic pressures measured 
through the height of the wall were compared 
with and found to be considerably smaller than 
the values computed by the Mononobe-Okabe 
formulation. Also, it was observed that the 
upper two-thirds and the lower one-third of 
the wall have vibrated in reverse directions 
during the earthquake. 
The study provides a valuable insight on 
static and seismic performance of the 
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Mr. Shun·ichi lhara, Engineer, Kumagai Gumi Co., Ltd., 
Tokyo, japan 
The above paper describes the distribution of dynamic 
earth pressure behind retaining walls. T~e aut~or 
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no. 4.23) by D.M. Dev,aikar, Universiti Sains Malaysia 
Perak, Malaysia. ' 
The above _paper has done a thorough job of evaluation 
of case histories of seisnic performance of anchored 
sheet pile quayv,alls. The authors have critically examined 
current. p~eudo-static. procedures of designs, bringing 
out their Inherent def1c1enc1es. On the basis of results 
of the case histo~ies, the authors have prepared a seismic 
design chart which delineates between acceptable and 
unacceptable degrees of damage, depending upon the values 
of the two dimensionless parameters that are functions 
of the rmterial and geanetric properties of the bulkhead 
and the intensity of seismic vibrations. Soil softening/ 
degr~a.tion due to developnent of pore v,a ter pressure 
IS llldirectly accounted for in the proposed method and 
as per the authors' recannendations the chart is to 
be used in conjunction with the pseud~static procedure. 
The authors deserve to be congratulated for their critical 
study of the case histories and evolution of the chart 
for the design. The success of the proposed m:::rlified 
design procedure would however be dependant on the perfo:rm--
ance of the structure and precautions against soil lique-
faction. 
Discussion on paper titled: "Seismic Design 
Chart for Anchored Bulkheads" by M. George 
Gazetas and Panos Dakoulas, Paper No. 4.23, by 
cetin soydemir, Vice President, Haley & 
Aldrich, Inc., Cambridge, Massachusetts. 
The authors present an excellent treatise on 
the present state of seismic design of 
anchored steel sheet pile bulkheads, and based 
on an extensive review of the bulkhead damage 
and failure cases during earthquakes make a 
strong argument that the records of poor 
performance other than the larger scale 
liquefaction is closely associated with 
several deficiencies in current pseudo-static 
design methodologies. Among these design 
deficiencies the authors focus particular 
attention to: a) seismic coefficient concept 
including the significance of the vertical 
component of the ground acceleration, and the 
selection of seismic coefficients above and 
below the water table, b) various factors of 
safety adopted in seismic design, c) 
consideration of the amplification on the 
ground motions by the non-liquefiable 
backfill, which leads to their recommendation 
of using "effective peak acceleration" rather 
than an empirical seismic coefficient, d) poor 
understanding of the available passive soil 
resistance mobilized against the anchor 
system, and e) determination of the extent of 
the active failure wedge behind the sheeting 
which leads to their suggestion that the 
active failure surface originates at or near 
the "point of rotation" rather than at the 
"point of contraflexure". 
raking into account the issues stated above, 
the authors propose specific improvements to 
the currently practiced Mononobe-Okabe seismic 
coefficient analysis with conventional static 
design procedures of anchored bulkheads. 
Also, based on an evaluation of the seismic 
damage records of 75 anchored bulkheads, the 
authors introduce an empirical Seismic Design 
Chart which has been developed in terms of two 
convenient dimensionless indices: The 
Effective Anchor Index (EAI) and the Embedment 
Participation Index (EPI). By establishing 
these indices for a particular existing or 
proposed anchored bulkhead structure the 
designer enters the Seismic Design Chart to 
screen whether the proposed design or the 
existing anchored bulkhead structure is in the 
zone of "acceptable damage" or "unacceptable 
damage/failure" under a particular ground 
shaking intensity. The level of damage is 
defined relative to the magnitude of the 
maximum permanent horizontal displacement of 
the sheeting under earthquake induced loading 
conditions. It is believed that the proposed 
procedure and the developed Seismic Design 
Chart would serve as effective tools in 




"Seismic Design of Earth Retaining Structures" 
Paper No. SOA6 
by 
E. Arni Rafnsson, Graduate Student 
at the University of Missouri-Rolla 
Rolla, (MO), USA 
It is pointed out very clearly by Professor 
Whitman that experiments performed on various types of 
retaining walls have primarily involved: (1) magnitude 
of backfill force, (2) various modes of motion, and (3) 
pressure distribution. However, there is an apparent 
lack of experimental study on the magnitude of 
displacements caused by certain dynamic excitations. 
For the past few years there has been increasing 
interest in studying the permanent displacements of 
retaining walls that may occur during earthquakes. As 
pointed out by Professor Whitman, our "ability to 
predict just what will happen to a particular retaining 
structure during a major earthquake is still rather 
poor". Further, it may be stated that this poor 
prediction ability primarily results from: (1) lack of 
a scientific and reasonable method to predict the wall-
soil interaction, involving both the stiffness and 
damping parameters of the base-soil and backfill, (2) 
absence of a systematic basis for selection of variables 
to be applied in order to solve the problem, and (3) 
need for a method of simultaneously determining 
displacements caused by both sliding and rocking 
vibrations. Rocking displacements have been found to be 
of at least the same magnitude as sliding displacements, 
depending on the geometry of the wall and the backfill 
and base soils properties. 
Discussion on 
"Classification of Anal~sis Methods for Dynamic 
Soil-Structure Interaction", 
Paper No.SOA9 b~ 
John P.Wolf, Swiss Federal Institute of Technology, 
Sw i tze rIa nd 
b~ 
.'!r. Shun·ichi lhara, Engineer, Kumagai Gumi Co., Ltd., 
Tokyo, Japan 
The above paper classified various methods to perform 
dynamic soi !·structure-interaction analysis. There 
were two t~pes of classification; 
1) behaviour of structure and unbounded soil was 
linear or nonlinear, 
2) anal~sis was the substructure method or the direct 
method. 
When behavio: of both unbounded soil and structure was 
I 1near, .un1f1ed proceduresof analysis existed, which 
worked 1n the frequenc~ domain. 
When behavior of unbounded soil was nonlinear and that 
of structure was I inear or nonlinear, thre was 
available procedure of analysis based on 
one-dimensional elasto·plastic wave propagation with 
one stress component in the far field, which worked in 
the time domain. 
When behavior of unbounded soil was I inear and that of 
structure was nonlinear, the second classification 
could be applied. 
Our appreciation is extended to the author for 
considerably classifying the methods of dynamic soi )· 
structure interaction analysis. 
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Our appreciation is extended to the author for 
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structure interaction analysis. 
Discussion on 
"A General Report on Session IV : Dynamic 
Earth Pressure and Seismic Design of Earth 
Retaining Structures," by R. Richards Jr. 
by Susumu IAI, Port and Harbour Research 
Institute, Ministry of Transport, Japan 
This paper offers a perspective on dynamic 
earth pressure and seismic design of earth 
retaining strucutres along the line of the 
concept of "fluidization", which the discusser 
understands is equivalent to shear failure 
state. The discusser regrets to note that this 
perspective might not be readily applicable to 
the dynamic earth pressure and seismic design 
of earth retaining structures when the soil is 
saturated with water as in the waterfront 
strucutres. As shown in the paper "Effective 
Stress Analysis of a Sheet Pile quaywall," 
(paper No. 4.14) by the discusser and his 
colleague, effective stress path in the soil 
becomes very close to the failure line due to 
shaking but the mechanism inducing deformation 
of soil and structure never involves the 
mechanism of shear failure or "fluidization" 
of soil. A primary mechanism for deformation 
of quaywalls is existence of initial stress 
and its release in accordance with progress of 
cyclic mobility. 
In practice of quaywall design in Japan, the 
complex analysis such as referred above is not 
adopted as a routine basis. The seismic design 
is done through the seismic coefficient method 
with Mononobe-Okabe's earth pressure. 
Theoretically speaking, this is a too much 
simplification of the effect of pore water 
pressure. However, the practice in Japan 
utilizes the result of the back analyses on 
large set of case history data obtained in the 
past and from this obtained an empirical 
relation between the effective seismic 
coefficient and the maximum acceleration of 
earthquake motions. In other words, practice 
of quay wall design in Japan fully utilizes 
the optimum combination of simplified design 
procedure and appropriately tempered soil 
constants and seismic coefficient. 
It has often be noted that 'serious damage is 
often associated with liquefaction or cyclic 
mobility of soil. In a practice of quaywall 
design in Japan, an appropriate measure is 
taken against liquefaction such as soil 
compaction or installing gravel drains. 
The discusser realized during the conference 
that Japanese practice in quaywall design and 
many of the case histories we have had since 
Niigata Earthquake of 1964 are not very well 
known in the North American communities. Some 
of them which have been introduced into the 
North American communities were presented in a 
very misleading way. For example, the 
discusser noticed a misunderstanding during 
the conference that the main cause for the 
damage to quaywalls in Japan is deficiency in 
the seismic design procedure. Actually the 
main cause for the damage was the partial 
liquefaction in the vicinity of anchors of 
sheet pile quaywalls. 
The discusser hopes that in a coming few years 
he could afford much more time to turn his 
attention to the North American and other 
communities in the world and to do his best to 
provide a useful information on dynamic earth 
pressures and seismic design of earth 
retaining structures learned through Japanese 
experience. 
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Reply to Discussion on Paper No. SOA6 
"Seismic Design of Earth Retaining 
Structures" by Prof. R.V. Whitman 
The writer thanks Mr. Rafnsson for his contribution. 1 
agree that, in the case of gravity walls, there has been too 
much emphasis upon dynamic earth pressures and not 
enough analysis of the dynamic response of the wall-earth 
system a~ a whole. I also agree that permanent tilt is at l~a~t as. 1mpo~a~t as horizontal sliding. The biggest 
difficulty 1n pred1ct1ng permanent tilt is in evaluation of the 
!f10ment vs. rotati~n relation at the base of the wall, taking 
mto account poss1ble uplifting of a portion of the base. The 
theoretica! studies by AI Homoud, referenced in my paper, 
were ~ f1rst attempt to understand and quantify this 
behav1or. Perhaps the most pressing need is for 
experimental study of this problem. 
Discussion on 
"A General Report on Session IV : Dynamic 
Earth Pressure and Seismic Design of Earth 
Retaining Structures," by R. Richards Jr. 
by Susumu IAI, Port and Harbour Research 
Institute, Ministry of Transport, Japan 
This paper offers a perspective on dynamic 
earth pressure and seismic design of earth 
retaining strucutres along the line of the 
concept of "fluidization", which the discusser 
understands is equivalent to shear failure 
state. The discusser regrets to note that this 
perspective might not be readily applicable to 
the dynamic earth pressure and seismic design 
of earth retaining structures when the soil is 
saturated with water as in the waterfront 
strucutres. As shown in the paper "Effective 
Stress Analysis of a Sheet Pile quaywall," 
(paper No. 4.14) by the discusser and his 
colleague, effective stress path in the soil 
becomes very close to the failure line due to 
shaking but the mechanism inducing deformation 
of soil and structure never involves the 
mechanism of shear failure or "fluidization" 
of soil. A primary mechanism for deformation 
of quaywalls is existence of initial stress 
and its release in accordance with progress of 
cyclic mobility. 
In practice of quaywall design in Japan, the 
complex analysis such as referred above is not 
adopted as a routine basis. The seismic design 
is done through the seismic coefficient method 
with Mononobe-Okabe's earth pressure. 
Theoretically speaking, this is a too much 
simplification of the effect of pore water 
pressure. However, the practice in Japan 
utilizes the result of the back analyses on 
large set of case history data obtained in the 
past and from this obtained an empirical 
relation between the effective seismic 
coefficient and the maximum acceleration of 
earthquake motions. In other words, practice 
of quay wall design in Japan fully utilizes 
the optimum combination of simplified design 
procedure and appropriately tempered soil 
constants and seismic coefficient. 
It has often be noted that 'serious damage is 
often associated with liquefaction or cyclic 
mobility of soil. In a practice of quaywall 
design in Japan, an appropriate measure is 
taken against liquefaction such as soil 
compaction or installing gravel drains. 
The discusser realized during the conference 
that Japanese practice in quaywall design and 
many of the case histories we have had since 
Niigata Earthquake of 1964 are not very well 
known in the North American communities. Some 
of them which have been introduced into the 
North American communities were presented in a 
very misleading way. For example, the 
discusser noticed a misunderstanding during 
the conference that the main cause for the 
damage to quaywalls in Japan is deficiency in 
the seismic design procedure. Actually the 
main cause for the damage was the partial 
liquefaction in the vicinity of anchors of 
sheet pile quaywalls. 
The discusser hopes that in a coming few years 
he could afford much more time to turn his 
attention to the North American and other 
communities in the world and to do his best to 
provide a useful information on dynamic earth 
pressures and seismic design of earth 
retaining structures learned through Japanese 
experience. 
2043 
Reply to Discussion on Paper No. SOA6 
"Seismic Design of Earth Retaining 
Structures" by Prof. R.V. Whitman 
The writer thanks Mr. Rafnsson for his contribution. 1 
agree that, in the case of gravity walls, there has been too 
much emphasis upon dynamic earth pressures and not 
enough analysis of the dynamic response of the wall-earth 
system a~ a whole. I also agree that permanent tilt is at l~a~t as. 1mpo~a~t as horizontal sliding. The biggest 
difficulty 1n pred1ct1ng permanent tilt is in evaluation of the 
!f10ment vs. rotati~n relation at the base of the wall, taking 
mto account poss1ble uplifting of a portion of the base. The 
theoretica! studies by AI Homoud, referenced in my paper, 
were ~ f1rst attempt to understand and quantify this 
behav1or. Perhaps the most pressing need is for 
experimental study of this problem. 
Reply to Discussion on Paper No. 4.8 
"Seismic Earth Pressures Against Structures 
with Restrained Displacements" by: 
P. Ortigosa and H. Musante 
The authors appreciate valuable comments by Mr 
Cetin soydemir, Shun-ichi Ihara and D.M. 
Dewaikar. From the time the paper was written 
a microcomputer program has been developed 
including underground structures, multi strata 
with granular and cohesive soils, water level 
at any depth, horizontal - rotational springs 
at the top and at base of the retaining 
structure, any type of Gc vs yc curves for the 
soil and allowable percentage of the wall 
height where interaction horizontal springs can 
be under seismic tension stresses. We agree 
with D.M. Dewaikar about including soil 
degradation due to the development of pore 
pressures during seismic events. We are looking 
fowards to take into account this phenomena. 
Besides, more comparisons has been made between 
the kinematic method and the F.E.M. for 
perfectly rigid structures without horizontal 
displacements and nonlinear retained soils. 
Records from the Taft earthquake and three 
chilean earthquakes taken on rock and deep sand 
deposits show differences less than 8%. 
As an example of the new capabilities of the 
simplified method, Fig. 1 compares seismic 
pressures for a reinforced concrete cantilever 
wall fixed at the base and hinged at the !:op 
and at the base. 
The authors point out again that better methods 
of analysis and more empirical evidences would 
be appeared in the future concerning seismic 
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REPLY TO DISCUSSION ON THE PAPER TITLED 
COMPARISON OF UMIT STATE EARlH 
PRESSURE UJEORIES 
By D G Elms and R Richards 
(Paper No. 4.9) 
We agree with the comment of the discusser with regard to the 
limitations of the mechanisms discussed in the paper. They 
were not intended as precise, quantitative solutions. Rather, 
they were put forward as possible explanations for observed 
behaviour with a view to improving our understanding. 
Hopefully, the suggested mechanisms point in the right 
direction. Clearly, though, further work is needed before a 
satisfactory analytic technique is achieved. 
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Reply to Discussion on Paper No. 4.8 
"Seismic Earth Pressures Against Structures 
with Restrained Displacements" by: 
P. Ortigosa and H. Musante 
The authors appreciate valuable comments by Mr 
Cetin soydemir, Shun-ichi Ihara and D.M. 
Dewaikar. From the time the paper was written 
a microcomputer program has been developed 
including underground structures, multi strata 
with granular and cohesive soils, water level 
at any depth, horizontal - rotational springs 
at the top and at base of the retaining 
structure, any type of Gc vs yc curves for the 
soil and allowable percentage of the wall 
height where interaction horizontal springs can 
be under seismic tension stresses. We agree 
with D.M. Dewaikar about including soil 
degradation due to the development of pore 
pressures during seismic events. We are looking 
fowards to take into account this phenomena. 
Besides, more comparisons has been made between 
the kinematic method and the F.E.M. for 
perfectly rigid structures without horizontal 
displacements and nonlinear retained soils. 
Records from the Taft earthquake and three 
chilean earthquakes taken on rock and deep sand 
deposits show differences less than 8%. 
As an example of the new capabilities of the 
simplified method, Fig. 1 compares seismic 
pressures for a reinforced concrete cantilever 
wall fixed at the base and hinged at the !:op 
and at the base. 
The authors point out again that better methods 
of analysis and more empirical evidences would 
be appeared in the future concerning seismic 
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REPLY TO DISCUSSION ON THE PAPER TITLED 
COMPARISON OF UMIT STATE EARlH 
PRESSURE UJEORIES 
By D G Elms and R Richards 
(Paper No. 4.9) 
We agree with the comment of the discusser with regard to the 
limitations of the mechanisms discussed in the paper. They 
were not intended as precise, quantitative solutions. Rather, 
they were put forward as possible explanations for observed 
behaviour with a view to improving our understanding. 
Hopefully, the suggested mechanisms point in the right 
direction. Clearly, though, further work is needed before a 
satisfactory analytic technique is achieved. 
2044 
Reply to Discussion on Paper No. 4.12 
"Stability of Fiber Reinforced Sand Retaining 
Walls" by Masami Fukuoka, Kiyohiro Okedoi, 
Ken-ichirou Ozaki, Kakuhiro Nakayama, and 
Shun-ichi Ihara, JAPAN 
Fukuoka invented a device called "panel type 
earth pressure gauge", and measured earth 
pressure on actual retaining walls of about 5 to 10 meter in height. 
As the result of measurements, a chart shown 
on Fig.l was obtained. It is very well known 
that the earth pressures are influenced by the properties of soils, moisture contents, types of 
walls, methods of construction, etc. 
Foundations are also very important factor. We 
cannot take all of them in predicting earth 
pressure. 
Accumulating reliable case records with actual 
retaining wall is very useful to predict earth 
pressure on the planned retaining wall. Fig.l is believed to be the most useful data. 
Fukuoka used this chart when he designed the 
10m high retaining wall. The K-value for the 
wall inclining tan_, 0.5 is about 0.18 from 
Fig.l. Total earth pressure on the back of the 
wall is 
(1/2) X 0.18 X 16 X 10 2 = 144 kN/m. 
The distribution of the earth pressure was 
assumed to be linear. This was not correct as 
the result of the experiment. The lower part of 
the wall was subjected to the earth pressure 
similar to the concrete gravity retaining wall. The coefficient of earth pressure should be 
taken as 0.3. The earth pressure at the upper half of the wall is a kind of slant retaining 
wall. The earth pressure is determined by the 
weight of the wall body. The backfill is 
supporting the wall. The wall is a cover of 
the backfill, preventing erosion. The total 
amount of the earth pressure is about (1/2)KrH 2 , and K = 0.2 
In the designing of the wall, the thrust line 
was made to be in the middle third of the wall. 
Deformation during construction is a very 
important factor controlling the earth pressure. Therefore, we have to decide the allowable 
deformation of the wall when we make design. 
This retaining wall is very flexible, so that 
crest of the wall makes big displacement during 
earthquakes. Very large cracks may appear by 
severe earthquakes. Reinforcing steel bars with 
square steel plates were laid near the top 
surface of the backfill to prevent causing 
cracks. 
The earthquake earth pressure were measured. 
The increment of earth pressure during 
earthquake was measured small compared with that by Mononobe-Okabe formula. The distribution of 
the earth pressure is triangular by Mononobe-
Okabe formula, but it is different from the 
measurement result greatly. That is the reason 
why we cannot use the formula for the purpose of designing the wall. We made judgement that 
the earthquake earth pressure would not increase 
very much. Our judgement was proved right. 
Therefore, it is not necessary to use the 
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Figure 1. Measured earth pressure 
Reply to Discussion on Paper No. 4.15 
"Displacement Based Design of Retaining Walls" 
by Raj Siddharthan, Prakash K. Gowda, and 
Gary M. Norris 
The proposed method is a rigid plastic model that 
assumes a constant acceleration field in the backfill. 
Neither the backfill deformation nor the effects of factors 
such as the amplification (or deamplification) of the base 
excitation, resonance, and damping are considered. The rigid 
plastic model of Richard and Elms (Ref. 2), which is a widely 
accepted model for the estimation of wall translation is also 
based on these assumptions. The validity of the Richard and 
Elms model has been verified to a limited extent using 
laboratory tests. The main reason for its wide acceptability, 
for example, by the American Association of State Highway and 
Transportation Officials (AASHTO), is its simplicity. The 
proposed approach extends the Richard and Elms model to 
include wall tilting while retaining all of its simplicity. 
A finite element based approach is necessary to include 
nonlinear backfill and foundation soil behavior. In addition, 
slip elements have to be incorporated to model slip along 
failure planes (Siddharthan and Norris, 1991). The slip 
elements are necessary to model the distinct difference in 
wall behavior between active and passive conditions. The 
major concern with such an analysis procedure is that the time 
consumed in data preparation and in the analysis of results 
is often prohibitive for routine and preliminary designs. It 
is necessary to characterize the stiffness characteristics of 
the backfill and foundation soil. Furthermore, the selection 
of slip element properties is difficult if not impossible. 
This is because there is no routine test procedure for the 
estimation of slip element stiffness characteristics, and the 
data base for such results is very small. Therefore, finite 
element studies are very seldom undertaken to study the 
seismic behavior of retaining walls. The proposed method is 
(relatively) much simpler, and the soil properties required 
can be readily obtained from routine tests or estimated from 
the existing data base. Thus far, the implications of the 
assumptions made in the model have not been verified. Such 
studies can be undertaken using shaking table and centrifuge 
tests in the laboratory. 
The paper describes a simple approach to obtain the 
resisting moment offered by the foundation soil based on the 
Winkler foundation model, taking into account both the lift· 
off and yielding of the soil. This leads to a resisting 
moment which depends upon, among other factors, the ultimate 
bearing capacity. The bearing capacity estimation is a 
routine and widely accepted procedure and is, in fact, used 
in the static stability calculations of the retaining wall. 
The maximum wall top displacement, which is the sum of 
the displacements caused by sliding and tilting, is highly 
nonlinear. When the point of rotation is selected very close 
to the toe of the wall, the resisting moment is lower but the 
stabilizing moment and the moment of inertia are higher as 
opposed to when the point of rotation is located closer to the 
center of gravity of the wall. Only the sliding deformation 
mode is present when the point of rotation is located close 
to the toe. Once the tilting mode of deformation is present, 
the corresponding sliding component of displacement becomes 
smaller than that computed when assuming the sliding mode of 
deformation only. For the wall that was considered and the 
deformations that were computed in this paper, the maximum 
wall top displacement occurs when the point of rotation is 
located at 0.4m from the heel. Under these circumstances, it 
is not valid to assume that the point of rotation will always 
be at the heel of the wall. 
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